Abstract. The space-time history of the rupture process of a large earthquake can be determined from directivity analysis of source time functions deconvolved from long-period P waves. However, such analysis requires a good azimuthal distribution of stations, which is often difficult to obtain. We have developed a method for deconvolution of long-period PP waves which is useful for a distance range of 70 ø -123 ø and 145 ø -165 ø, thus increasing both the available data and the ray parameter aperture. The PP waveform is Hilbert transformed to remove the effect of the PP caustic and then deconvolved in the time domain. We have tested the method on the 2 July 1974 Kermadec event (Ms=7.2) and obtained nearly identical source time functions from P and PP waves.
Introduction
Long-period P waves contain a great deal of information about the details of the rupture processes of large earthquakes. Deconvolution of the source time function from P waves yields the time-variant behavior of the earthquake (c.f., Ruff and Kanamori, 1983) . Simultaneous deconvolution of several stations (Kikuchi and Kanamori, 1982) or deconvolutions coupled with directivity analysis (Beck and Ruff, 1984) or the Radon transform (Ruff, 1984) can define the spatial distribution of moment release. All three methods depend on the relative timing of source time function features as a function of the directivity parameter ¾, where ¾=p cos •, p being the ray parameter and • the difference of the fault and station azimuths. Thus, ¾ must be well sampled for adequate spatial resolution of the rupture process (e.g., Ruff, 1984) . This condition is often difficult to meet, as when there are no stations in some azimuthal sector for teleseismic epicentral distances, particularly when the earthquake is too small to use stations further than 90 ø (i.e., diffracted P waves).
We have developed a method for deconvolving source time functions from PP waveforms; use of PP not only increases the amount of data available but can also improve azimuthal coverage by allowing the use of stations over a wider range of distances. The PP phase can be deconvolved at epicentral distances of 70 ø -123 ø and 145 ø -165 ø' closer than 70 ø, the PP phase is complicated by upper mantle structure; between 123 ø and 145% the PKS phase interferes; and further than about 165 ø, the PP phase encounters the axial caustic. To deconvolve the PP waveform we must somehow account for the modifications of the direct P waveform introduced by the surface reflection and by the additional propagation. Although these modifications include greater attenuation and reverberations under the bounce point, the main change results from the internal caustic (Figure 1 Jeffreys and Lapwood (1957) have shown that the caustic introduces a constant -n/2 phase shift at high frequencies, which, when combined with the n phase shift from the free-surface reflection, gives a n/2 phase shift. Choy and Richards (1975) give Hill (1974) has shown that in some cases, the phase shift may be frequency-dependent, tending toward n/2 at high frequency and toward 0 at low frequency due to interaction with the surface. At sufficient distance, however (i.e., A >70ø), even long-period PP waves should be free from this effect. Our technique for deconvolving the PP waveform consists simply of removing the n/2 phase shift introduced by the reflection at the surface and the intemal caustic, and then deconvolving as we would a direct P waveform, allowing for differences in attenuation (i.e., doubling t*) and geometric spreading (g(A)).
Data and Discussion
For our test case, we chose the 2 
